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Multicomponent superconductivity is a novel quantum phenomenon in many different supercon¬ 
ducting materials, such as multiband ones in which different superconducting gaps open in different 
Fermi surfaces, films engineered at the atomic scale to enter the quantum confined regime, mul¬ 
tilayers, two-dimensional electron gases at the oxide interfaces, and complex materials in which 
different electronic orbitals or different carriers participate in the formation of the superconducting 
condensate. In all these systems the increased number of degrees of freedom of the multicomponent 
superconducting wave-function allows for emergent quantum effects that are otherwise unattainable 
in single-component superconductors. In this editorial paper we introduce the present focus issue, 
exploring the complex but fascinating physics of multicomponent superconductivity. 


Very soon after the formulation of the Bardeen- 
Cooper-Schrieffer (BCS) theory, the prediction of multi¬ 
band superconducting systems and the first extension 
of the BCS theory to two-band/two-gap superconduc¬ 
tors were offered by Suhl, Matthias and Walker [l[. The 
discovery of superconductivity in MgB 2 in 2001 marked 
the formal appearance of the new class of superconduc¬ 
tors: multiband/multigap ones, to which many of the 
recently discovered iron-based superconductors also be¬ 
long. Multigap superconductivity arises when the gap 
amplitudes on different sheets of the Fermi surface are 
radically disparate, e.g. due to different dimensionality 
of the bands for the usual phonon-mediated pairing, as in 
the case of MgB 2 , or due to the repulsive interband pair¬ 
ing interactions, as in the case of most iron-based super¬ 
conductors, or due to the appearance of multiple Fermi- 
surface pockets dictated by the crystalline symmetry like 
in FeSexTei-a; and other unconventional multiband su¬ 
perconducting compounds. 

Multiband/gap superconductivity is thus emerging as 
a complex quantum coherent phenomenon with physical 
consequences which are different from or cannot be found 
at all in single-band superconductors. The cross-pairing 
between bands is energetically disfavored, hence multiple 
coupled condensates coexist and govern the overal super¬ 
conducting behavior. The increased number of degrees 
of freedom allows for novel effects which are unattain¬ 
able otherwise. Without claiming completeness, in what 
follows we point out some recent revelations based on 
multicomponent quantum physics in superconductors. 

As mentioned above, the first two-gap superconductor 
with clearly distinct gaps in different bands was MgB 2 
(for review, we refer to li). Even for this well-known 
material (studied for over a decade, with thousands of 
papers published), microscopic parameters and resulting 
superconducting length scales y-l6| and magnetic behav¬ 
ior 0 are under ongoing debate. In that respect the 
behavior of vortex matter is crucial, since experimen¬ 
tally observed vortex states can serve as a smoking gun 


for the underlying physics. Cases where different con¬ 
densates have very different electromagnetic properties, 
or coupling between them causes unconventional behav¬ 
ior (e.g. stemming from frustration Bi) , can lead to 
novel vortex (nonuniform [IMl, fractional [l3l - [l5j| and 
skyrmion [iH [l^l patterns - impossible otherwise. 

Phase solitons [l^ and massive or massless Leggett 
modes possible benchmarks for multi-gap 

superconductivity, being associated with nontrivial phase 
differences between the condensates in different electronic 


bands, as detailed in Ref. [2l|. In that regime, the time- 
reversal symmetry breaking is possible, and can even sur¬ 
vive moderate disorder (see Ref. [22|). Such states have 
not been observed to date, but could be experimentally 
accessible in multiband iron pnictides and chalcogenides. 

The latter iron-based materials form the other predom¬ 
inantly multi-band/gap family of superconductors (as 
probed by muon spin rotation [23|, spectroscopic mea¬ 
surements 2^, point-contact Andreev-reflection spec¬ 


troscopy [23 , magnetization and transport [26| , measure¬ 
ments of the penetration depth (T7I |. etc.), but are much 
richer in novel physics than transition metal-borides. For 
one thing, the Cooper-pairing there is likely to be driven 
by electron-electron interactions, rather than the conven¬ 
tional electron-phonon coupling. Further, in iron-based 
superconductors experiments showed that weakly and 
strongly correlated conduction electrons coexist in much 
of the phase space, hence multiorbital physics becomes 
necessary to understand the phase diagram of these ma¬ 
terials |28l |. Another interesting example is found in e.g. 
Bao, 6 Ko. 4 Fe 2 As 2 (Tc=37K), where two different s-wave 
gaps open in the different sheets of Fermi surface (FS): a 
large gap of A2=I2 meV on the small FS and a small gap 
Ai=6 meV in the large FS [i^. The ratio 2Ai/Tc=3.7 
is very close to the BCS value of 3.5, indicating BCS-like 
weakly coupled pairs in the large FS, while 2A2/Tc=7.5 
is very large and typical of BEC-like strongly coupled 
pairs in the small FS. Hence, the total superconducting 
condensate in Bao. 6 Ko. 4 Fe 2 As 2 is a coherent mixture of 
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BCS-like and BEC-like partial condensates (see also Ref. 
[s^). Actually, various subgroups of iron-based super¬ 
conductors show small Fermi surfaces at optimum dop¬ 
ing where is the highest, appearing when the chem¬ 
ical potential is near a band edge, close to the bottom 
(if electron like) or top (if hole like) of the energy bands 


31j . In this situation, experiments show no evidences for 


nesting topology and the mechanism for high-Tkcan be 
associated with the shape resonance scenario [32|. We 
refer to Ref. for the schematic representation of 

the topology of Fermi surfaces for different superconduct¬ 
ing iron-based materials, showing that in all cases large 
Fermi surfaces coexist with small Fermi surface pockets, 
supporting the two-band model for superconductivity as 
the minimal model to capture the band-edge physics and 
corresponding novel multi-band BCS-BEC crossover phe¬ 
nomena (see Ref. 33|). This crossover regime has been 
recently detected by the collapse of the small Fermi sur¬ 
face pocket and electronic band dispersion becoming an 
inverted parabola in the coherent state [s^ . 

The multiband BCS-BEC crossover can thus determine 
the best situation for high-Tc superconductivity, but also 
determine the optimal condition to allow the screening 
of superconducting fluctuations Fluctuations in re¬ 


cent multiband materials are an interesting study object 
on their own (for example. Ref. reports the peculiar 
differences between single-band and multi-band super¬ 
conductors concerning the anisotropy of the fluctuations 
effects above and below Tc). As shown in Ref. 37j| . 


fluctuations are very sensitive to the discrepancy in co¬ 
herence lengths between the band-condensates, which in 
turn are most different in the presence of a shallow band 
(as discussed above) or in the vicinity of hidden critical¬ 
ity [ 3 ^ , both of which are likely to be found in iron-based 
superconductors. 

Interestingly, multiband superconductivity can also be 
induced by nanoengineering, even in elementary metals. 
Thanks to recent breakthroughs in nanofabrication, high- 
quality ultrathin films of Pb, Sn, In, Nb are now attain¬ 
able, where multiband superconductivity is induced by 
confinement even though the bulk material is single-band 
(for brief review and theoretical challenges see Ref. [3^1. 
Namely, as first shown by Blatt and Thompson [d^, sep¬ 
arate single-electron bands are formed due to quantum 
confinement, and can significantly shift in energy depend¬ 
ing on the sample thickness. This leads to major changes 
of key superconducting properties each time when the 
bottom of a new single-electron band passes through the 
Fermi surface. Quantum confinement and shape reso¬ 
nances in nanoscale systems can induce sizeable Tc am¬ 
plifications 4^ 441, experimentally confirmed in metal¬ 
lic nanowires of A1 and Sn [d^. Ultrathin high-qu ality 
metallic films are integrable in electronic circuits [dll, 
and will be highly responsive to applied electric field 
- a desirable feature for any transistor for example. Fur¬ 
thermore, ultrathin multiband superconductors can also 


host the BCS-BEC crossover, in analogy to the above 
case in iron-based superconductors, and are strongly in¬ 
fluenced by fluctuations - which crosslinks the physics of 
these two rather different superconducting systems. Note 
that on the level of fundamental physics, here discussed 
issues are very closely related to multi-subband superflu- 
idity in confined ultracold Fermi gases (see Ref. [46|) and 
electric-field-induced surface superconductivity in oxides 
0 . 

In all above systems, understanding the underlying 
physics and the effects of hybridization between multi¬ 
ple quantum condensates in a single system, is clearly a 
pathway to yet unseen phenomena in fundamental sci¬ 
ence and practical achievements that can lead to future 
applications. This is the key objective of the current Fo¬ 
cus Issue of Superconductor Science and Technology and 
the conference series ‘MultiSuper’ (the first in this confer¬ 
ence series was held in Lausanne (Switzerland) in 2012, 
with a sequel held in Camerino (Italy) in 2014 j4^). The 
scope of this action is broader than just multiband super¬ 
conductors, and comprises other forms of multicomponent 
superconductivity, e.g. one found in artificial multicom¬ 
ponent coherent systems (e.g. multilayers [49|), multi¬ 
carrier superconductivity at oxide interfaces [^, or su¬ 
perconducting materials with multiple competing orders 
or symmetries of the order parameter ^ , a complex¬ 

ity certainly present in many copper-oxide, iron-pnictide, 
and heavy-fermion superconductors. All together, we 
hope that this Focus Issue will provide an illustrative 
snapshot of the current state of research in multicom¬ 
ponent superconductivity in a wide range of materials, 
and a roadmap for further investigations in this booming 
held. 
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